. All of the known neuroligins
Interpreting Sufficiency without Genetic Necessity
The in vitro evidence for both WNT and neuroligin function demonstrate that these molecules are sufficient to induce discrete events during synapse formation. Each paper also provides evidence indicating that these signaling events are also necessary in vitro. Scheiffele et al. demonstrate that synapse formation between pontine axons and their normal granule cell targets can be inhibited by the addition of soluble neurexin. One interpretation is that the soluble neurexin competes with an endogenous neuroligin-neurexin interaction and prevents synapse formation (synapse formation is reduced by nearly 80%). Similarly, Hall et al. show that a WNT signaling antagonist blocks the characteristic cytoskeletal and cell shape changes that are induced by ganglion cell conditioned media.
Genetic data, however, argue against a required role for either WNTs or neuroligins in the process of synaptogenesis in vivo. Synapse formation is merely delayed in the WNT7a knockout mouse, demonstrating that WNT7a is not genetically required for synapse formation in vivo. WNT7a appear necessary and sufficient to induce prethese nonneuronal cells. Synapse formation is assessed synaptic differentiation in vitro and yet appear to be by several criteria. Synapsin, synaptotagmin, and synnearly dispensable in knockout mice? aptophysin, all molecular markers for synaptic connecOne possible view is that presynaptic differentiation tions in the cerebellum, accumulate in axons at sites of may not be a transformation that requires discrete incontact with neuroligin-expressing cells (Figure 2) . The ductive signals such as those observed for agrin and authors provide ultrastructural evidence supporting the neuregulin during postsynaptic differentiation at the formation of synaptic connections, and they provide NMJ (Sanes and Lichtman, 1999). Rather, the events evidence for depolarization-dependent vesicle exothat induce presynaptic differentiation in the CNS may cytosis and endocytosis at these new synaptic sites. require the integration of many opposing signals, includThese data argue strongly that synapse formation is ing those that promote and inhibit growth cone motility. induced by neuroligin expression by the nonneuronal Thus, in vitro, neuroligin expression could be sufficient HEK293 cells.
to induce presynaptic differentiation because very few The authors utilize their culture system to argue that growth cone motility-promoting factors are present to neuroligin-neurexin signaling is also necessary for syncompete with experimentally supplied neuroligin. A simapse formation. A deletion analysis demonstrates that ilar argument could be made regarding the observations the synaptogenic activity of neuroligin is due primarily to that neuroligin and WNT7a appear necessary for synthe presence of the acetylcholinesterase-homologous apse formation in vitro. This model might also explain the extracellular domain, while other portions of the extrasubtle phenotypes of neuroligin and WNT7a knockout cellular region and the cytoplasmic domain are not necmice. Synapse formation might be delayed, but not preessary. Domain swap experiments further demonstrate vented, because only one piece of a complex signaling that sequences specific to the neuroligin acetylcholinesmenagerie is missing and this perturbation is not suffiterase-like domain are required for this activity. Finally, cient to block synapse formation. Such an explanation the authors effectively compete the synaptogenic activdraws upon a current understanding of axon guidance ity of neuroligin by adding soluble neurexin to their culthat requires the integration of attractive and repulsive tures. The addition of soluble neurexin not only inhibits cues to generate directed motility (Tessier-Lavigne and synapse formation of pontine axons contacting neuroliGoodman, 1996). gin-expressing HEK293 cells, but also inhibits synapse
In the end, the function of WNT7a and neuroligin may formation between pontine axons and cocultured cerenot be genetically necessary, but they appear have disbellar granular cells, the in vivo targets of these axons.
crete and important functions during synapse formation. These data provide the first evidence of a cell contactPresynaptic differentiation requires a complex transformediated signaling event that is sufficient to drive either mation, and it can be achieved with remarkable speed presynaptic differentiation or synapse formation in the following target contact (Xie and Poo, 1986). The sequential function of WNTs and neurexins might impact CNS ( Figure 1B) .
